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(54) Method of cleaning a via hole 

(57) In a method of manufacturing a semiconductor 
device having a multi-layer interconnection, after a via 
hole has been formed, the inside of the via hole is 
cleaned using a cleaning solution containing a complex- 
ing agent capable of forming a complex with contami- 
nants of copper type metals. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of th Invention 

[0001] The present invention relates to a method of 
manufacturing a semiconductor device having a multi- 
layer interconnection connecting an upper wiring and a 
metal wiring made of a copper type metal material, 
through a via hole. 

2. Description of the Relates Art 

[0002] A representative example of the conven- 
tional process for production of a semiconductor device 
having a multi-layer interconnection is described with 
reference to Figs. 5 to 8. This example is a so-called 
dual damascene process wherein a lower wiring and an 
upper wiring are each formed so as to have a 
damascene interconnection. 

[0003] On a semiconductor substrate (not shown) 
on which a device (e.g. transistor) has been formed, are 
formed a silicon oxide film 201 having a thickness of 1 00 
nm and a HSQ (hydrogen silisesquioxane) film 202 hav- 
ing a thickness of 400 nm. Successively, thereon is 
formed a photoresist mask 203 having a predetermined 
pattern [Fig. 5(a)]. Dry etching is conducted using this 
mask to form, in the HSQ film 202, a groove for forma- 
tion of buried lower wiring. Successively, ashing by oxy- 
gen plasma and cleaning by a cleaning solution 
containing an amine compound are conducted to peel 
the photoresist mask 203 [Fig. 5(b)]. 
[0004] Next, on the whole surface of the resulting 
substrate is formed, by sputtering, a TiN 204 film (thick- 
ness: 50 nm) as a barrier metal film. Thereon is formed 
a copper film 205 by sputtering, to fill the groove [Fig. 
5(C)]. Successively, CMP (chemical mechanical polish- 
ing) is conducted to remove the unnecessary portions 
of the TiN film 204 and the copper film 205, formed out- 
side the groove, to complete a lower wiring (Fig. 5(d)]. 
[0005] After the formation of the lower wiring, an 
HSQ film 206 having a thickness of 1 ,200 nm is formed 
by coating and subsequent firing. Thereon is formed a 
resist mask 207 having a pattern of via holes (diameter: 
0.25 u.m) [Fig. 6(a)]. Dry etching is conducted using this 
resist mask 207 to form part of a via hole in the HSQ film 
206. The dry etching is stopped before the bottom of the 
via hole formed reaches the copper film 205. As the 
etching gas, there is used, for example, a mixed gas 
containing C4F9 and Ar, or a mixed gas further contain- 
ing 0 2 . Successively, ashing by oxygen plasma and 
cleaning by a cleaning solution containing an amine 
compound are conducted to peel the resist mask 207 
[Fig. 6(b)]. 

[0006] Next, a resist mask 208 is formed on the 
HSQ film 206 [Fig. 7(a)]. The width of opening of the 
resist mask 208 is made larger than the diameter of the 



resist mask 207 of Fig. 6(a). Dry tching is conducted 
using this resist mask 208, to form a hole having a T- 
shaped section in the HSQ film 206. As the etching gas, 
there is used, for example, a mixed gas containing C 4 F 8 

5 and Ar, or a mixed gas further containing 0 2 . Succes- 
sively, ashing by oxygen plasma and cleaning by a 
cleaning solution containing an amine compound are 
conducted to peel the resist mask 208 [Fig. 7(b)]. 
[0007] Next, on the whole surface of the resulting 

10 substrate is formed, by sputtering, a TiN film 209 (thick- 
ness: 50 nm) as a barrier metal film. Thereon is formed 
a copper film 21 1 by sputtering, to fill the hole having a 
T-shaped section [Fig. 8(a)]. Successively, the unneces- 
sary portions of the TiN film 209 and the copper film 

15 211, formed outside the hole are removed by CMP to 
complete an upper wiring (corresponding to the top of 
the T-shaped hole) and a via hole [Fig. 8(b)]. 
[0008] In the above-mentioned conventional pro- 
duction process, however, there have been cases that a 

20 leakage current flows in the inter-layer insulating film 
formed or the device (e.g. transistor) formed beneath 
the inter-layer insulating film causes malfunctioning. 
[0009] The present inventor made an in-depth 
study on the causes of such phenomena and found out 

25 that contaminants consisting of copper and copper 
compounds remain on the inner walls of the via hole 
and groove for buried wiring both formed in the inter- 
layer insulating film and these contaminants cause the 
above phenomena. 

30 [0010] In etching the inter-layer insulating film 
formed on a lower wiring, to form a via hole, the neces- 
sity of overetching invites partial etching of the copper 
constituting the lower wiring and generates metal con- 
taminants. These metal contaminants ordinarily adhere 

35 to the inner walls of via hole, etc. in the form of a com- 
pound formed by a chemical reaction of copper with an 
etching gas component. The contaminants are impossi- 
ble to remove by conventional cleaning using, for exam- 
ple, a cleaning solution containing an amine compound; 

40 therefore, formation of barrier metal film on inner walls 
of via hole, etc. is inevitably conducted in a state that the 
contaminants remain on the inner walls of via hole, etc. 
The contaminants remaining on the inner walls of via 
hole, etc., when placed in an electric field or heated, dif- 

45 fuse into the inter-layer insulating film, causing various 
problems such as current leakage and the like. 
[0011] The phenomena are explained with refer- 
ence to Fig. 9. In Fig. 9, on a silicon substrate 223 is 
formed a MOSFET comprising a source region 225, a 

50 drain region 226 and a gate electrode 224. The source 
region 225 is connected to a lower wiring consisting of a 
copper film 205, via a contact hole 221 . This lower wir- 
ing is connected to a via hole 21 1 (including an upper 
wiring) consisting of a tungsten film. To the inner walls of 

55 the via hole and the buried wiring both formed in an 
HSQ film 206 adher the metal contaminants 212 
formed by the partial etching of the copper film 205 con- 
stituting the lower wiring. The metal contaminants 212, 
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when undergoing heat history or placed in an electric 
field, migrate like the arrow marks shown in Fig. 9, reach 
a device (e.g. transistor) and allow the device to mal- 
function, or stay in th inter-layer insulating film and 
generat a leakage current. 

[0012] These problems do not appear when alumi- 
num is used as a material for wiring, but appear when a 
copper type metal is used as a material for wiring. It is 
because copper, as compared with aluminum, is signifi- 
cantly large in diffusion rate in insulating film. 
[0013] To form a multi-layer interconnection free 
from the above problems, it is necessary to conduct, 
after the formation of a via hole and a buried wiring, 
cleaning which is different from conventional cleaning 
using, for example, a cleaning solution containing an 
amine compound. Since such cleaning aims at (1) 
cleaning the inside of via hole, (2) removing the metal 
contaminants which have adhered on the exposed sur- 
face of inter-layer insulating film, and (3) removing the 
metal contaminants which have adhered after dry etch- 
ing, the cleaning has requirements different from those 
in the other steps of semiconductor device production. 
Description is made on this below. 
[0014] Firstly, the above cleaning aims at cleaning 
the inside of via hole. Therefore, the shear force of the 
flow of cleaning solution does not easily reach the inside 
of via hole which is an area to be cleaned. Substantially 
no shear force is produced there particularly when the 
via hole formed has a small diameter. Thus, no physical 
cleaning action is expected and it is necessary to con- 
duct sufficient cleaning by chemical cleaning action 
alone. 

[0015] If mismatching of photoresist occurs at the 
time of via hole formation, there are cases that the por- 
tion of the HSQ film contacting with the lower wiring and 
facing the formed via hole, formed as a result of the mis- 
matching is etched and a slit is formed at the portion 
(Fig. 16). In such a slit, no circulation of cleaning solu- 
tion hardly takes place and cleaning under very sever 
conditions is necessary. 

[001 6] Secondly, the above cleaning aims at remov- 
ing the copper type metal contaminants which have 
adhered on the exposed surface of inter-layer insulating 
film. Therefore, there naturally is a restriction as to the 
kind of the cleaning solution used. In recent years, a 
material of low dielectric constant has been widely used 
for the inter-layer insulating film of semiconductor 
device. As the material of low dielectric constant, there 
is preferably used a SOG (spin-on-glass) film, particu- 
larly a HSQ film. With such a film, the exposed surface 
thereof causes property change depending upon the 
kind of the cleaning solution used, resulting in increased 
dielectric constant. Therefore, it is necessary to select a 
cleaning solution which does not adversely affect the 
dielectric constant of SOG film or the like. Further, the 
metal contaminants of copper type compounds which 
have adher d on the exposed surface of SOG film or the 
like, have high adhesivity to the surface, making very 



difficult the cleaning thereof. 

[0017] Thirdly, the above cleaning aims at removing 
the copper typ metal contaminants which have 
adhered after dry etching. Therefor , the cleaning of 

5 such metal contaminants must be conducted by an 
action different from that employed in removal of metal 
contaminants consisting of ordinary metals or oxides 
thereof. As mentioned above, the above cleaning aims 
at removing the metal contaminants generated, at the 

10 time of via hole formation, by the partial etching of the 
copper constituting the lower wring. These contami- 
nants are in the form of a compound formed by a chem- 
ical reaction of copper with an etching gas component, 
have high adhesivity to inter-layer insulating film, partic- 

15 ularly SOG film, and are difficult to remove by conven- 
tional cleaning for via hole inside. 
[0018] As described above, to form a multi-layer 
interconnection free from current leakage, etc., it is nec- 
essary to conduct, after the formation of via hole and 

20 buried wiring, cleaning different from the conventional 
cleaning using, for example, a cleaning solution contain- 
ing an amine compound. 

[0019] For the removal of metal contaminants 
present inside via hole, cleaning by DHF (dilute 

25 hydrofluoric acid) is considered as one method. With 
this method, copper type metal contaminants can be 
removed to a certain extent, but no sufficient removal is 
obtained. Further, DHF causes etching of inter-layer 
insulating film, resulting in enlarged hole diameter. 

30 Enlargement of hole diameter is striking particularly 
when a SOG film is used. 

[0020] The present invention has been completed 
in order to alleviate the above problems, and aims at 
sufficiently removing the copper type metal contami- 
35 nants which have adhered to the inner walls of via hole 
and groove for buried wiring and thereby alleviating the 
current leakage in multi-layer interconnection and the 
malfunctioning of device. 

40 SUMMARY OF THE INVENTION 

[0021] According to the present invention, there is 
provided a method of manufacturing a semiconductor 
device comprising the steps of: 

45 

(A) a step of forming, on a semiconductor sub- 
strate, a metal wiring made of a metal material con- 
taining copper or a copper alloy, 

(B) a step of forming an inter-layer insulating film on 
so the metal wiring, 

(C) a step of forming, at a predetermined position of 
the inter-layer insulating film, a via hole reaching 
the metal wiring by dry etching, 

(D) a step of removing contaminants which consist 
55 of the metal material and/or the compound(s) 

thereof and which have adhered to the inner wall of 
the via hole as a result of th dry etching, by using 
a cleaning solution containing a complexing agent 



5 

capabl of forming a complex with the contami- 
nants, 

(E) a step 1 of forming a barrier metal film on the 
inner wall of th via hole and then forming an elec- 
trically conductive film on the whole surface of the 5 
resulting substrate so as to fill the via hole, and 

(F) a step of removing the unnecessary portions of 
the electrically conductive film and the barrier metal 
film, formed outside the via hole, by etching or 
chemical mechanical polishing to obtain a flat sur- 10 
face. 

[0022] In the present method of manufacturing a 
semiconductor device, the dry etching conducted in the 
step (C) invites adhesion of metal contaminants to the is 
inner wall of the via hole formed by the dry etching. 
These contaminants are generated as a result of the 
etching of the metal material containing copper or a 
copper alloy, constituting the metal wiring, and are com- 
posed mainly of copper, a copper oxide(s) and a reac- 20 
tion product of copper and an etching gas. 
[0023] The contaminants containing the oxide(s) 
and the reaction product of copper and an etching gas, 
adhering to the inner wall of the inter-layer insulating 
film are generally difficult to remove. In the present 25 
invention, the inner wall of via hole is cleaned using a 
cleaning solution containing a complexing agent capa- 
ble of forming a complex with the above-mentioned con- 
taminants, whereby the above-mentioned problems are 
solved. 30 
[0024] According to the present invention, there is 
also provided a method of manufacturing a semicon- 
ductor device having a copper wiring, which comprises, 
after formation of a via hole, cleaning the inside of the 
via hole using a cleaning solution containing a complex- 35 
ing agent capable of forming a complex with contami- 
nants of copper type metals. 

[0025] In the present invention, the "copper type 
metals" refer to metals consisting of copper and com- 
pounds thereof; and the "contaminants of copper type 40 
metals" refer to contaminants generated during the for- 
mation of via hole as a result of, for example, dry etch- 
ing. In the present invention, these contaminants can be 
easily removed because they are cleaned using a 
cleaning solution containing a complexing agent capa- 45 
ble of forming a complex with the contaminants. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] so 

Fig. 1 is sectional views showing steps of the 
present method of manufacturing a semiconductor 
device. 

Fig. 2 is sectional views showing steps of the 55 
present method of manufacturing a semiconductor 
d vie . 

Fig. 3 is s ctional views showing steps of the 
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pres nt m thod of manufacturing a semiconductor 
device. 

Fig. 4 is sectional views showing steps of the 
pr sent method of manufacturing a semiconductor 
device. 

Fig. 5 is sectional views showing steps of a conven- 
tional method of manufacturing a semiconductor 
device. 

Fig. 6 is sectional views showing steps of a conven- 
tional method of manufacturing a semiconductor 
device. 

Fig. 7 is sectional views showing steps of a conven- 
tional method of manufacturing a semiconductor 
device. 

Fig. 8 is sectional views showing steps of a conven- 
tional method of manufacturing a semiconductor 
device. 

Fig. 9 is a drawing explaining problems present in a 
conventional method of manufacturing a semicon- 
ductor device. 

Fig. 10 is sectional views showing steps of the 
present method of manufacturing a semiconductor 
device. 

Fig. 11 is sectional views showing steps of the 
present method of manufacturing a semiconductor 
device. 

Fig. 12 is sectional views showing steps of the 
present method of manufacturing a semiconductor 
device. 

Fig. 13 is a graph showing the Cu contaminations 
after cleaning treatment in Examples and Compar- 
ative Examples. 

Fig. 14 is a graph showing the changes in hole 
diameter before and after cleaning treatment in 
Examples and Comparative Examples. 
Fig. 15 is a graph showing the measured leakage 
currents of the semiconductor devices manufac- 
tured in Examples and Comparative Examples. 
Fig. 1 6 is a drawing showing a state in which a slit 
is formed at the side of a lower wiring. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0027] In the step (A) of the present process, a 
metal wiring made of a metal material containing copper 
or a copper alloy is formed on a semiconductor sub- 
strate. The copper alloy refers to an alloy between cop- 
per and one metal selected from zirconium (Zr), tin (Sn), 
titanium (Ti) and aluminum (Al). 
[0028] In the step (B) of the present process, an 
inter-layer insulating film is formed on the whole surface 
of the metal wiring. As the inter-layer insulating film, 
there can be used a conventional silicon oxide film or a 
low dielectric constant material such as SOG film or the 
like. There is no particular restriction as to the kind of 
the SOG film; as the SOG film, there can be used an 
inorganic SOG film, an organic SOG film, an HSQ 



EP 0 993 031 A2 



4 



7 



EP 0 993 031 A2 



8 



(hydrog n silisesquioxane) film or the like. An HSQ film 
or an organic SOG film is preferred in view of the bal- 
ance of dielectric constant, gas-generating property, 
tc. 

[0029] The HSQ film has a chemical structure of the 
following formula (1) and its dielectric constant is 2.8 to 
3.1. 




[In the formula (1), n is an integer.] 
[0030] Meanwhile, the organic SOG film has a 
structure in which methyl group (CH 3 -) or the like is 
bonded to silicon oxide. The relative dielectric constant 
of the organic SOG film is lower as the organic compo- 
nent content of the film is higher, and may be as low as 
about 2.1 to 2.7. 

[0031] The thermal treatment of the SOG film 
formed by coating is ordinarily conducted in an inert gas 
atmosphere. When the SOG film is an HSQ film, the 
thermal treatment thereof may be conducted in an 
atmosphere containing neither oxygen nor water. The 
temperature of the thermal treatment is preferably 350 
to 500°C. When the temperature is higher than 500°C, 
the chemical bond between Si and H is severed and the 
dielectric constant of the HSQ film may increase. When 
the temperature is lower than 350°C, the other insulat- 
ing film formed on the SOG film may cause cracking. 
[0032] In the step (C) of the present process, a via 
hole reaching the metal wiring is formed at a predeter- 
mined position of the inter-layer insulating film, by dry 
etching. There is no particular restriction as to the 
shape of the via hole, and the via hole may have a 
groove shape. The via hole includes a one-piece struc- 
ture wherein a via hole and a groove for buried wiring is 
combined, which is formed by a so-called dual 
damascene process. This via hole is formed by dry 
etching. As the etching gas, there is used, for example, 
a mixed gas of Ar and a fluorine-based bas (e.g. CHF 3 
or C4F 8 ). The mixed gas may further contain 0 2 as nec- 
essary. 

[0033] In the step (D) of the present process, the 
contaminants which consist of the metal material and/or 
the compound(s) thereof and which have adhered to the 
inner wall of the via hole as a result of the dry etching, 
are removed by using a cleaning solution containing a 
complexing agent capable of forming a complex with the 



contaminants. As the complexing agent, ther is used 
an agent capable of forming a compl x with the metal 
contaminants which have adhered to the inner wall of 
the via hole. Th complex ref rs to, for example, a 

5 chelate compound. 

[0034] In the present invention, the chelating agent 
preferably contains at least one kind of compound 
selected from the group of three kinds of compounds 
consisting of (a) a polyaminocarboxylic acid, (b) a car- 
lo boxylic acid excluding polyaminocarboxylic acids and 
(c) ammonium fluoride. By using such a chelating 
agent, the metal contaminants which have adhered to 
the inner wall of the via hole, can be removed effectively. 
[0035] The polyaminocarboxylic acid (a) refers to a 

15 carboxylic acid having a plurality of amino groups and a 
plurality of carboxyl groups in the molecule, or a salt 
thereof. There can be mentioned, for example, com- 
pounds such as ethylenediaminetetraacetic acid 
(EDTA), trans-1 ,2-cyclohexanediaminetetraacetic acid 

20 (CyDTA), nitrilotriacetic acid (NTA), diethylenetri- 
aminepentaacetic acid (DTPA), N-(2-hydroxyethyl)ethyl- 
enediamine-N.N'.N'-triacetic acid (EDTA-OH) and the 
like; and salts thereof. When a salt is used, the salt is 
preferably one which does not adversely affect the prop- 

25 erties of semiconductor device, particularly a metal-free 
salt such as ammonium salt. The amount of the 
polyaminocarboxylic acid or the ammonium fluoride 
used is preferably 1 to 1 ,000 ppm. When the amount is 
too small, no sufficient chelating effect is obtained. 

30 When the amount is too large, the compound remains 
on the surface of substrate and deteriorates the proper- 
ties of semiconductor device, or a large cost is required 
for disposal of the used chelating agent. 
[0036] As the carboxylic acid (b) excluding polyami- 

35 nocarboxylic acids, there can be mentioned, for exam- 
ple, oxalic acid, citric acid, malic acid, maleic acid, 
succinic acid, tartaric acid, malonic acid, and salts 
thereof. When a salt is used, the salt is preferably one 
which does not adversely affect the properties of semi- 

40 conductor device, particularly a metal-free salt such as 
ammonium salt. The amount of the carboxylic acid used 
is preferably 0.05 to 5%. When the amount is too small, 
no sufficient chelating effect is obtained. When the 
amount is too large, the compound remains on the sur- 

45 face of substrate and deteriorates the properties of 
semiconductor device, or a large cost is required for dis- 
posal of the used chelating agent. 
[0037] In the present invention, when there is used 
a complexing agent containing both of the polyaminoc- 

so arboxylic acid (a) and the carboxylic acid (b) excluding 
polyaminocarboxylic acids, a higher effect for removal of 
metal contaminants can be obtained. The reason is not 
clear but is presumed to be that the polyaminocarboxy- 
lic acid and the carboxylic acid excluding polyaminocar- 

55 boxylic acids are slightly different in the kinds of metal 
contaminants to which they are effective. It is thought 
that the m tal contaminants generated as a result of dry 
etching are a mixture of a plurality of compounds. 
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Therefore, when there is used a cleaning solution con- 
taining both of the polyaminocarboxylic acid and the 
carboxylic acid excluding polyaminocarboxylic acids, 
the two components act complementarily becaus they 
are ffective to different contaminants, and contami- 
nants consisting of a variety of metal compounds can be 
removed. When the two components (a) and (b) are 
used, each component is used in the same amount as 
mentioned above. 

[0038] With respect to the action of the chelating 
agent, explanation is made on a case using oxalic acid. 
Oxalic acid can effectively form chelate complexes (e.g. 
[Cu(COO) 4] 2 ") with the copper type contaminants (e.g. 
CuO and Cu0 2 ) generated during the dry etching step 
for via hole formation. Meanwhile, oxalic acid forms sub- 
stantially no chelate complex with the copper film which 
is a lower wiring, because the copper film has a metallic 
bond. Oxalic acid forms no chelate complex either with 
the barrier film consisting of TiN, Ta, TaN, TaSiN or the 
like. Therefore, the copper type contaminants remaining 
on the inner wall of via hole can be selectively removed 
without etching the copper wiring and the barrier film. 
[0039] In the step (E) of the present process, a bar- 
rier metal film is formed on the inner wall of the via hole 
and then an electrically conductive film is formed on the 
whole surface of the resulting substrate so as to fill the 
via hole. As the material for the electrically conductive 
film, there is used tungsten, copper or the like. Mean- 
while, the material for the barrier metal is appropriately 
selected depending upon the material for the electrically 
conductive film, and there is used Ti, TiN, Ta, TaN, 
TaSiN, W, WN or the like. 

[0040] In the step (F) of the present process, the 
unnecessary portions of the electrically conductive film 
and the barrier metal film, formed outside the via hole 
are removed by etching or chemical mechanical polish- 
ing to obtain a flat surface. When copper is used for the 
electrically conductive film, use of chemical mechanical 
polishing is preferred. 

[0041] In the present invention, prior to the step (D) 
of cleaning with a cleaning solution containing a com- 
plexing agent, for removal of contaminants which have 
adhered to the inner wall of the via hole, it is possible to 
clean the inner wall of the via hole using a cleaning solu- 
tion containing an amine. This cleaning using a cleaning 
solution containing an amine, enables (1 ) peeling of the 
resist mask formed for via hole formation and (2) 
removal of the organic substances which have adhered 
to the inner wall of the via hole. Alternatively, a cleaning 
solution containing an amine may be added to the 
cleaning solution containing a chelating agent, and this 
can bring the shortening of semiconductor device pro- 
duction steps. 

[0042] The present invention is described specifi- 
cally below by way of Examples. However, the present 
invention is in no way restricted to these Examples 
alone. 



Example 1 

[0043] The present Example is explained with refer- 
ence to Figs. 1 to 4. The present Example uses a 
5 damascene interconnections for each of the lower wir- 
ing and the upper wiring and employs a so-called dual 
damascene process. 

(Formation of lower wiring) 

10 

[0044] First, a lower wiring was manufactured as 
follows. On a semiconductor substrate (not shown) on 
which a device (e.g. transistor) had been formed, were 
formed a silicon oxide film 1 01 having a thickness of 1 00 
15 nm and an HSQ film 1 02 having a thickness of 400 nm. 
Successively, thereon was formed a photoresist mask 
103 having a predetermined pattern [Fig. 1(a)]. Dry 
etching was conducted using the mask to form a groove 
for buried lower wiring, in the HSQ film 102. Succes- 

20 sively, ashing by oxygen plasma and cleaning by a 
cleaning solution containing an amine compound were 
conducted to peel the photoresist mask 103 [Fig. 1 (b)]. 
[0045] Then, on the whole surface of the resulting 
substrate was formed, by sputtering, a TiN film 104 

25 (thickness: 50 nm) as a barrier metal film. Thereon was 
formed a copper film 1 05 by sputtering to fill the groove 
[Fig. 1(c)]. Successively, the unnecessary portions of 
the TiN film 1 04 and the copper film 1 05, formed outside 
the groove were removed by CMP to complete a lower 

30 wiring [Fig. 1(d)]. 

(Formation of via hole and upper wiring) 

[0046] After the completion of the lower wiring, a 
35 material for HSQ film was coated and then heat treat- 
ment was conducted on a hot place at 150°C, 200°C 
and 350°C in this order. Further, heat treatment was 
conducted in a nitrogen atmosphere at 400°C for 60 
minutes to form a HSQ film 106 having a thickness of 
40 1,200 nm. Successively, thereon was formed a resist 
mask 107 having a pattern of via holes (diameter: 0.25 
m) [Fig. 2(a)]. 

[0047] Using this resist mask 107, dry etching was 
conducted to form part of a via hole in the HSQ film 1 06. 

45 The dry etching was stopped before the bottom of the 
via hole reached the copper film 105. As the etching 
gas, a mixed gas containing C 4 F 8 and Ar was used. 
Successively, ashing by oxygen plasma and cleaning by 
a cleaning solution containing an amine compound 

so were conducted to peel the resist mask 1 07 [Fig. 2(b)]. 
[0048] Then, a resist mask 108 was formed on the 
HSQ film 1 06 [Fig. 3(a)]. The width of the opening of the 
resist mask 108 was 0.3 u.m which was larger than the 
diameter of each pore of the resist mask 107 of Fig. 

55 2(a). Dry etching was conducted using this resist mask 
108 to form a hole having a T-shaped section, in the 
HSQ film 106. As th etching gas, a mixed gas contain- 
ing C 4 F 8 and Ar was used. Successively, ashing by oxy- 
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gen plasma and cleaning by a cleaning solution 
containing an amine compound were conducted to peel 
the resist mask 108 [Fig. 3(b)]. 
[0049] Subsequently, the inner wall of the hole hav- 
ing a T-shaped s ction was cleaned. There was used, 
as the cleaning solution, a solution obtained by adding 
1 0 ppm of ethylenediaminetetraacetic acid (EDTA) to an 
aqueous solution containing 0.3% by weight of oxalic 
acid. The cleaning was carried out by immersing the 
above-obtained wafer subjected to various treatments, 
in the cleaning solution for 5 minutes. Then, the wafer 
was immersed in pure water for 5 minutes for rinsing. 
[0050] Next, on the whole surface of the resulting 
wafer was formed, by sputtering, a TIN film 109 (thick- 
ness: 50 nm) as a barrier metal film. Thereon was 
formed a copper film 1 1 1 by sputtering, to fill the hole 
having a T-shaped section [Fig. 4(a)]. Successively, the 
unnecessary portions of the TiN film 109 and the cop- 
per film 111, formed outside the hole were removed by 
CMP to complete an upper wiring and a via hole [Fig. 
4(b)]. 

[0051] In the present Example, since a cleaning 
solution containing a chelating agent was used, the 
metal contaminants which had adhered to the inner wall 
of the via hole, could be removed effectively. 

Example 2 

[0052] In the present Example, a silicon nitride film 
was formed on a lower wiring to use it as an etching 
stopper at the time of via hole formation. Thereby, it was 
intended to suppress the etching of a lower wiring made 
of Cu and lower the amounts of metal contaminants 
adhering to the inner wall of a via hole. The production 
steps are described below with reference to the draw- 
ings. 

[0053] First, a lower wiring was formed in the same 
manner as in Fig. 1, as shown in Figs. 1(a) to 1(d). 
Then, thereon was formed, by CVD, a silicon nitride film 
120 having a thickness of 100 nm. Further, a HSQ film 
106 and a resist mask 107 were formed in the same 
manner as in Example 1 [Fig. 10(a)]. The diameter of 
each pore of the resist mask 107 was 0.25 |im. 
[0054] Next, dry etching was conducted using the 
resist mask 107 to complete part of a via hole in the 
HSQ film 1 06. As the etching gas, a mixed gas contain- 
ing C 4 F 8 and Ar was used. The dry etching was stopped 
before the bottom of the hole to be formed reached the 
silicon nitride film 120. Successively, ashing by oxygen 
plasma and cleaning by a cleaning solution containing 
an amine compound were conducted to peel the resist 
mask 107 [Fig. 10(b)]. 

[0055] Then, a resist mask 108 was formed on the 
HSQ film 106 [Fig. 11(a)]. The width of the opening of 
the resist mask 108 was 0.3 \im which was larger than 
the diameter of each pore of the r sist mask 107 of Fig. 
10(a). Dry etching was conducted using this resist mask 
108 to form a hole having a T-shaped section, in the 
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HSQ film 106. As the etching gas, a mixed gas contain- 
ing C 4 F 8 and Ar was used. Sine this mixed gas had a 
large etching rate ratio to the HSQ film 1 06 and the sili- 
con nitride film 120 ((HSQ film : silicon nitride film = 20 : 

5 1 ), the etching was stopped at th upper surfac of the 
silicon nitride film 120. Successively, ashing by oxygen 
plasma and cleaning by a cleaning solution containing 
an amine compound were conducted to peel the resist 
mask 108 [Fig. 11(b)]. 

10 [0056] In the above etching step, the copper film 
104 is covered with the silicon nitride film 120 and is not 
exposed directly to the etching gas; therefore, the adhe- 
sion of the copper type metal contaminants generated 
by partial etching of the copper film 1 04, to the inner wall 

is of via hole can be reduced. 

[0057] Subsequently, the silicon nitride film 1 20 was 
dry-etched and the surface of the copper film 104 was 
exposed [Fig. 11(c)]. As the etching gas, a CHF 3 gas 
was used. 

20 [0058] The later steps were conducted in the same 
manner as in Example 1 . First, the inner wall of the hole 
having a T-shaped section was cleaned. As the cleaning 
solution, there was used a solution obtained by adding 
10 ppm of ethylenediaminetetraacetic acid (EDTA) to an 

25 aqueous solution containing 0.3% by weight of oxalic 
acid. The cleaning was conducted by immersing the 
wafer subjected to the above-mentioned steps, in the 
cleaning solution for 5 minutes. Then, the wafer was 
immersed in pure water for 5 minutes for rinsing. 

30 [0059] Then, a TiN film 1 09 and a tungsten film 1 1 1 
were formed [Fig. 12(a)], followed by surface flattening 
by CMP, to complete a multi-layer interconnection [Fig. 
12(b)]. 



[0060] A multi-layer interconnection was formed in 
the same manner as in Example 1 except that the 
cleaning of the inner wall of via hole using an aqueous 
40 oxalic acid solution containing EDTA was not conducted 
in the state of Fig. 3(b) of Example 1 . 

Comparative Example 2 

45 [0061] A multi-layer interconnection was formed in 
the same manner as in Example 1 except that cleaning 
of the inner wall of via hole using DHF (dilute hydrofluo- 
ric acid) was conducted in the state of Fig. 3(b) of Exam- 
ple 1. 

so [0062] The via holes manufactured in the above 
Examples and Comparative Examples were measured 
for the amount of metal contaminants adhering to the 
inner wall of via hole, the change in hole diameter, and 
the leakage current of multi-layer interconnection. 

55 [0063] As described above, in Examples 1 and 2 
and Comparative Example 2, there were conducted, 
after the formation of a via hole having a T-shaped s c- 
tion, (1) cleaning using a cleaning solution containing an 
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amin compound and further (2) c! aning using a com- 
plexing agent or DHF. Meanwhile, in Comparative 
Example 1 , there was conducted, after the formation of 
a via hole, only cleaning using a cleaning solution con- 
taining an amine compound. After these cleanings, the 
amount of copper type metal contaminants present in 
via hole was measured and the result is shown in Fig. 
13. The measurement was conducted by examining the 
amount of copper type contaminants adhering to the 
inner wall of via hole, by XPS (X-ray photoemission 
spectroscopy). In the XPS, an X-ray is applied to the via 
hole from an oblique direction (this eliminates the influ- 
ence of copper at the bottom of the via hole and only the 
copper adhering to the insulting film of the via hole is 
charged up and shifted) and the amount of adhered 
copper is measured. As is clear from the results shown 
in Fig. 1 3, metal contaminants were effectively removed 
in Examples 1 and 2. 

[0064] Fig. 14 is a graph showing the changes in 
hole diameter before and after cleaning treatment in 
Examples and Comparative Examples. It was con- 
firmed that use of DHF (dilute hydrofluoric acid) gives a 
large change in hole diameter. 
[0065] Fig. 15 is a graph showing the leakage cur- 
rents measured for the semiconductor devices of multi- 
layer interconnection type manufactured in Examples 
and Comparative Examples. Each leakage current was 
measured by forming each one copper wiring in two 
HSQ films at a given interval, applying a voltage to 
these copper wirings, and measuring the amount of 
electricity which flowed. The leakage current is small in 
Examples 1 and 2 having small metal contaminants. 
[0066] As described above, the method of manufac- 
turing a semiconductor device according to the present 
invention comprises a step of cleaning the inside of a 
via hole using a cleaning solution containing a complex- 
ing agent capable of forming a complex with copper 
type metal contaminants; therefore, the present process 
can sufficiently' remove the copper type contaminants 
adhering to the inner walls of a via hole and a groove for 
buried wiring. As a result, there can be alleviated prob- 
lems of current leakage in multi-layer interconnection 
and malfunctioning of device. 
[0067] This application is based on Japanese appli- 
cation NO.HEI1 0-282863, the content of which is incor- 
porated hereinto by reference. 

Claims 

1 . A method of manufacturing a semiconductor device 
comprising the steps of: 

(A) a step of forming, on a semiconductor sub- 
strate, a metal wiring made of a metal material 
containing copper or a copper alloy, 

(B) a step of forming an inter-layer insulating 
film on the metal wiring, 

(C) a step of forming, at a predetermin d posi- 



tion of the inter-layer insulating film, a via hole 
reaching the metal wiring by dry tching, 
(D) a step of removing contaminants which 
consist of the metal material and/or the com- 

5 pound(s) ther of and which have adher d to 

the inner wall of the via hole as a result of the 
dry etching, by using a cleaning solution con- 
taining a complexing agent capable of forming 
a complex with the contaminants, 

w (E) a step of forming a barrier metal film on the 

inner wall of the via hole and then forming an 
electrically conductive film on the whole sur- 
face of the resulting substrate so as to fill the 
via hole, and 

15 (F) a step of removing the unnecessary por- 

tions of the electrically conductive film and the 
barrier metal film, formed outside the via hole, 
by etching or chemical mechanical polishing to 
f obtain a flat surface. 

20 

2. A method according to Claim 1 , wherein the com- 
plexing agent contains at least one kind of com- 
pound selected from the group of three kinds of 
compounds consisting of (a) a polyaminocarboxylic 

25 acid, (b) a carboxylic acid excluding polyaminocar- 
boxylic acids and (c) ammonium fluoride. 

3. A method according to Claim 1 , wherein the com- 
plexing agent contains (a) a polyaminocarboxylic 

30 acid and (b) a carboxylic acid excluding polyamino- 
carboxylic acids. 

4. A method according to Claim 2 or 3, wherein the 
polyaminocarboxylic acid (a) is ethylenediamine- 

35 tetraacetic acid, trans-1 t 2-cyclohexanediamine- 
tetraacetic acid, nitrilotriacetic acid, 
diethylenetriaminepentaacetic acid, N-(2-hydroxye- 
thyOethylenediamine-N.N'.N'-triacetic acid, or a salt 
thereof. 

40 

5. A method according to any of Claims 2 to 4, 
wherein the carboxylic acid (b) excluding polyami- 
nocarboxylic acids is oxalic acid, citric acid, malic 
acid, maleic acid, succinic acid, tartaric acid, 

45 malonic acid, or a salt thereof. 

6. A method according to any of Claims 1 to 5, 
wherein the inter-layer insulting film is a SOG( Spin 
On Glass) film. 

so 

7. A method according to any of Claims 1 to 5, 
wherein the inter-layer insulting film is a 
HSQ(Hydrogen Silisesquioxane) film. 

55 8. A method according to any of Claims 1 to 7, which 
further comprises between the step (C) and the 
st p (D) 
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a step of cleaning the inner wall of the via hole 
using a cleaning solution containing an amine 
compound. 

9. A method according to any of Claims 1 to 7, 5 
wherein the cleaning solution contains therein a 
cleaning solution containing an amine compound. 

10. A method of manufacturing a semiconductor device 
having a copper wiring, which comprises, after for- w 
mation of a via hole, cleaning the inside of the via 
hole using a cleaning solution containing a com- 
plexing agent capable of forming a complex with 
contaminants of copper type metals. 
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FIG. 15 
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